Three experiments involving a total of 606 pigs weaned at 23 ± 2 d of age were used to evaluate the effects of added dietary Na or Cl or both in combination (NaCl) on postweaning performance responses. A basal diet without added NaCl was formulated to 1.20% lysine using a corn-soybean protein mixture with 20% dried whey (C-SBP-DW) and was used in all experiments. The analyzed content of the basal diet for the three experiments averaged .19% Na, .37% Cl, and 1.37% K. In Exp. 1, NaCl was added to treatment diets at 0, .20, .40, and .60% at the expense of corn. The experiment was a randomized complete block (RCB) design conducted in 14 replicates using a total of 336 pigs (six pigs/ pen). The results demonstrated a linear ( P < .01) growth response during the 0-to 7-d and a quadratic ( P < .08) response during the 8-to 14-d period. Gain: feed ratio improved quadratically ( P < .08) for the 0-to 14-d period. In Exp. 2, Na 2 HPO 4 added to the C-SBP-DW basal diet provided supplemental Na levels of 0, .08, .16, and .24% Na to four treatment diets. The experiment was conducted in six replicates in a RCB design using a total of 144 pigs (six pigs/pen). The results demonstrated a linear ( P < .05) growth response during the 0-to 7-d period as Na level increased, but not thereafter, and an improved gain: feed ratio ( P < .05) for the 0-to 14-d period. In Exp. 3, Cl was added as HCl at 0, .05, or .10% Cl to the basal C-SBP-DW diet. The experiment was a RCB design conducted in six replicates using a total of 126 pigs (five or six pigs/pen between replicates). The results demonstrated a linear growth ( P < .01) and feed intake ( P < .08) response during the 0-to 7-d and the 0-to 14-d period to increasing levels of Cl. Feed intake also increased for the 0-to 7-d ( P < .08), and 8-to 14-d ( P < .05) periods. Stool looseness was unaffected by any of the dietary variables in the three experiments. These results suggest that the NRC (1988) recommendations for Na and Cl for young pigs ( ≤ 10 kg BW) may need to be increased.
Introduction
Current swine practices result in weaning pigs from 11 to 28 d of age at body weights that range from 4 to 8 kg. Pigs weaned at the younger ages and lighter body weights have a less mature gastrointestinal tract (de Passille et al., 1989 ) and secrete lower quantities and different ratios of digestive enzymes (Graham et al., 1981; Sloat et al., 1985) compared with older, heavier weaned pigs. Because of their physiological immaturity, the initial diets provided to pigs postweaning are generally formulated using relatively high levels of milk by-products, one of the more common being dried whey. Dried whey added at 15 to 25% of the diet contains high mineral levels, particularly Na, K, and Cl (NRC, 1988) . Because the osmotic electrolyte balance in the gut of young weanling pigs may be delicate (Hamilton and Roe, 1977) , gastrointestinal upsets due to excessive dietary cations and(or) anions have been considered to be harmful to the weaned pig. Consequently, postweaning scours, which have frequently been encountered when such diets are fed, have been attributed to the high ash (i.e., 8.0%) content contributed from whey.
Sodium and Cl requirements for weanling pigs have not been as well defined as for older swine. Chloride constitutes a portion of the gastric secretions, and the ability of young pigs to synthesize HCl seems to be limited until 4 to 5 wk of age (Cranwell et al., 1976) . The NRC (1988) recommends a total dietary level of .10% Na and .08% Cl for young pigs, which can be adequately met by the addition of .25% salt (NaCl) to the diet, discounting the contribution from the other dietary components. The addition of dried whey to the weanling pig diet supplies levels of Na, K, and Cl beyond that suggested by NRC (1988) , and further supplementation with NaCl would seem unneeded. Therefore, the objectives of these experiments were to initially evaluate the effect of NaCl addition to starter pig diets that contain dried whey on performance and stool looseness responses and, second, because of the positive performance response to added salt in the first experiment, to further identify the growth response to added Na or Cl. Experiment 1. The first experiment evaluated the efficacy of added salt (NaCl) to a cereal grain-based diet with dried whey to determine whether supplemental NaCl levels would precipitate stool looseness during the course of the experiment, and to evaluate the effect of added salt on postweaning performance responses. The basal diet consisted of a corn-soybean protein (soybean meal, soy protein concentrate) mixture with 20% dried whey ( C-SBP-DW) formulated to a 1.20% lysine level. The other dietary nutrients met or exceeded NRC (1988) requirement levels. The basal diet is presented in Table 1 . Neither Na nor Cl was supplemented to the basal diet, but by analysis the indigenous content of the diet contained .20% Na, .35% Cl, and 1.35% K. The other three treatment diets were subsequently supplemented with .20, .40, and .60% NaCl at the expense of corn (diets not presented). A total of 336 pigs were allotted on the basis of weight, litter, and sex in a randomized complete block ( RCB) design in 14 replicates containing six pigs per pen at four different time periods.
Materials and Methods

General
Experiment 2. Because the addition of NaCl to the basal diet in Exp. I resulted in a positive growth response to added NaCl, a second experiment was conducted to determine whether the beneficial response to added salt was attributable to Na. The C-SBP-DW basal diet from Exp. I served as the negative control and by analysis contained .18% Na, .35% Cl, and 1.50% K. Three additional treatment diets were supplemented with Na 2 HPO 4 (32% Na, 21%P) at three .25% (i.e., .08% Na) increments to achieve total dietary Na levels of .26, .34, and .42% (Table 1) . Limestone and dicalcium phosphate levels were subsequently adjusted to maintain total dietary Ca and P levels of .90 and .70%, respectively. A total of 144 pigs were allotted on the basis of weight, litter, and sex to a RCB design in six replicates over two different time periods; each pen contained six pigs.
Experiment 3. A third experiment was conducted to evaluate the efficacy of added Cl to a C-SBP-DW basal diet. The basal diet of Exp. I and Exp. II was used in this experiment and by analysis contained .20% Na, .40% Cl, and 1.25% K (Table 1) . Concentrated HCl was diluted 1:1 (vol:vol) and added to two treatment diets such that the Cl content was increased by .05 and .10% to achieve total dietary levels of .45 and .50% Cl, respectively. The diluted HCl was premixed with ground corn before it was added to the mixer. A total of 126 pigs were allotted on the basis of weight, litter, and sex to a RCB-designed experiment conducted in seven replicates at three different time periods.
Analyses. Diets were composited by treatment group, wet-ashed, and analyzed for Na and K by the inductively coupled photometer method (AOAC, 1995) . Chloride was analyzed by the AOAC (1995) method using a chloridometer (Model 4-2008, Buchler-Cotlove, Saddle Brook, NJ) . The data of the three experiments were analyzed using the GLM procedure of SAS (1985) . Pen fecal scores were averaged for each week of the trial. Nursery type and time period effects were included in the statistical model. In all experiments, pens were considered the experimental unit. All performance responses for the dietary levels of test ingredients were evaluated by regression analysis with the data reported as least squares means.
Results
The addition of NaCl to the basal C-SBP-DW diet in Exp. 1 resulted in daily gains that increased linearly ( P < .01) for d 0 to 7 and quadratically ( P < .08) during the period from 8 to 14 d postweaning (Table  2) . For the combined 0-to 14-d period, pig gains improved quadratically ( P < .07) and seemed to reach a plateau at the .44% Na and .51% Cl levels. No growth response to added NaCl occurred during the 15-to 35-d period. Feed intakes for each weekly period and for the 15-to 35-d period were similar for all treatment groups. Gain:feed ratio was improved when dietary NaCl level increased during the 0-to 7-d ( P < .01) and for the combined 0-to 14-d ( P < .08) period, but not for the 15-to 35-d period. Fecal looseness scores averaged 1.1 for all treatment groups and were unaffected by dietary treatment for any week of the experiment (data not presented).
Because the Na and Cl levels in our basal diet were two-and fourfold times the current NRC (1988) recommendations, respectively, and because a growth response resulted from the NaCl addition to the C-SBP-DW diet in Exp. 1, the second experiment was designed to evaluate the effect of supplemental Na while maintaining a constant level of Cl in the diet. Added Na from sodium phosphate improved daily gains linearly ( P < .05) during the 0-to 7-d period but not for the 8-to 14-d ( P > .15) or for the 15-to 35-d ( P > .15) periods (Table 3) . Feed intakes for the 0-to 14-and 15-to 35-d periods were not affected by Na supplementation. Gain:feed ratios improved linearly for the 0-to 7-d ( P < .05) and quadratically during the 0-to 14-d period ( P < .05). Although there was an apparent improvement in feed efficiency during the 15-to 35-d period, the response was not significant ( P > .15). Fecal scores averaged 1.1 and were similar between all treatment groups for each week of the trial (data not presented).
In Exp. 3 the addition of HCl resulted in improved daily gains ( P < .01), feed intakes ( P < .08), and gain: feed ratios ( P < .08) during the initial 7-d postweaning period (Table 4) . From d 8 to 14 daily gains ( P < .08), feed intakes ( P < .05), and gain:feed ratios improved as Cl level increased, but the feed efficiency response was not significant ( P > .15). Both daily gains ( P < .01) and feed intakes ( P < .08) were higher for the 0-to 14-d period as dietary Cl level increased. Although there was a numerical improvement in the gain:feed ratio during the 0-to 14-d period, the results were not significant ( P > .15). From 15 to 35 d postweaning daily gains and feed intakes were not improved by the addition of HCl. The apparent improvement in gain:feed ratio from 15 to 35 d postweaning as dietary Cl level increased was not significant ( P = .11). Fecal scores averaged 1.1 and were similar between treatment groups (data not presented).
Discussion
The results from these three experiments suggest that there was no detrimental effect of the high indigenous level of Na or Cl contributed from dried whey in the basal diet and that additional dietary NaCl did not produce any digestive disturbances or stool looseness during the 35-d trial period. In fact, supplemental NaCl or the addition of either Na or Cl independently added to the cereal grain basal diet containing dried whey demonstrated improved pig gains and feed efficiency responses at least during the initial 14 d postweaning. The largest and most consistent response occurred during the initial week postweaning, a lesser response during the second week, and no response thereafter. Although indigenous dietary levels of Na or Cl in the basal diet in the three experiments had already exceeded NRC (1988) recommendations, our results suggest that the dietary requirements for both nutrients are above the .10% Na and .08% Cl level for young pigs weighing < 10 kg BW. One reason for this higher dietary Cl requirement may be that young pigs do not secrete adequate quantities of HCl during early life. Upon weaning, the secretion of this acid is still relatively low (Schnabel as cited by Bolduan et al., 1988) . The value of HCl in initiating protein digestion in the stomach occurs by the activation of pepsinogen. Stomach HCl production and the resulting pH within this organ ranges widely for both weaned and unweaned pigs. The multiplication of Lactobacilli spp. in the stomach of nursing pigs and the subsequent production of lactic acid can suppress HCl production (Cranwell et al., 1968 (Cranwell et al., , 1976 . Large intakes of feed can also reduce HCl production (Kidder and Manners, 1978) . Although dried whey contains relatively high levels of Na and Cl, which should meet the pigs' requirement (NRC, 1988) , this milk by-product can neutralize free acid more than cereal grain proteins (P.G. Lawlor, personal communication). Young pigs may therefore secrete inadequate HCl from gastric secretions and the inclusion of dried whey and other dietary proteins and minerals may buffer the low amount of HCl produced from gastric secretions. Consequently, the addition of dietary NaCl or HCl would then be an avenue that could supply a needed source of Cl for pepsinogen activation, which could improve protein digestion. The combination of these factors in the young pig may increase the physiological need for Cl, at least until the gastric secretion of this acid increases. The improvement in pig gains in our experiments, and particularly the improvement in the gain:feed ratio, implies an improvement of nutrient availability, most probably by enhanced protein digestibility.
The results of our experiments also suggest that the dietary Na requirement is higher for the young pig than current NRC (1988) recommendations. The reason for this is unclear, except that the lower acidic stomach conditions from higher level Cl are subsequently neutralized by bicarbonate upon entrance to the small intestine, Na being the positive ion with bicarbonate. The Na pump is also essential for the absorption of amino acids and carbohydrates from the lumen of the intestinal tract. Our results thus imply a need for higher dietary levels of Na for the weanling pig, during the first 7 and perhaps 14 d postweaning.
A previous study of weanling pigs (Honeyfield and Froseth, 1985) demonstrated that, when weanling pigs were fed a diet based on a corn-soybean meal-corn gluten meal, growth rate was maximal at dietary levels of .11% Na and .10% Cl. Their report, however, indicated that the pigs were fed a constant diet for 1 wk postweaning before being fed their experimental diets. Our data demonstrated the largest relative growth and feed efficiency responses to higher dietary Na and Cl levels were achieved during the initial 7 d postweaning. This suggests that the conclusions of Honeyfield and Froseth (1985) may not reflect the most critical time that weaned pigs may respond to supplemental Na and Cl. Consequently, our results suggest that a higher level of Na and Cl should be provided in the diets of weaned pigs to enhance growth and feed efficiency responses, particularly during the initial 14 d postweaning.
Implications
The high levels of Na and Cl in dried whey do not have an apparent detrimental effect on gastrointestinal osmotic balance, but rather the addition of NaCl to a diet with dried whey resulted in improved postweaning performance. Subsequent experiments demonstrated that the dietary Na requirement may be higher during the initial week and that the Cl dietary requirement may be higher during the initial 14 d postweaning than the levels recommended by NRC (1988) . Pig performance responses to supplemental Na or Cl after 14 d postweaning were not demonstrated.
